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SOLUTION: T he driving frequency of a piezoel ectric 
trar^JiixmexL-is__aet b^bween a 

resona nce frequenc y fr and an anti-resonance frequency fa 

"m a pie ^eTectric ~ ■ ~~ ~~ ~ — — ^ 

transformer 31, to_ _the intermed i ate frequency (fr +fa)/2 of 
the r_e_SjQn-axace ~ ~ ' ~~— * 

f r exjua&c¥-^£xi~an^ ency if 

desirable. Thus, the 
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power conversion efficiency of a power conversion device is 

seTTOe maximum. — ' 

In a driving frequency control means 35, the driving 
frequency is made to 

follow a minimum phase frequency f3 with which the phase 
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1 

C»flPit*f5«SH3 

[ m&B 1 ] S±M b 9 >x b , Bf gOgBISJM^ * SS 

friEJEtm b 9 >x t , a wtswt * 

mM^^ajt-sffi^nmaj^ai:. miE^ii^gstiB 

( 5ytsyg«c ) t <r>mnmmn&tmzE& b^vx 
<nwmmm.b Ltzz t *mmt*t2>i±m b >?>x<nm 

C man 2 ] iUfBffit b 9 tWE 
iHtfeoES b 9 y ^.coigidm. 

[3Wl*3 ] mlBIBI6jS«»JW^gf!±, HUi% 20 

mrnmr b s ? vx<osffififflMi^i£Sriis-r-i> i a 
(cisij«r-r * i Xii 2 lB*)jcoj±s b 9 

itrfeffiSb^yxw^^aiiii^Kt. a^trms 
*at* mart-* a}*mat«iaj#a t , itiBJ&@?£t t ie 

ItrlElgitfi #«OSr 5B3*I«* m I h «A WB*a t . If 30 

sawiMHa*» 6 m * § #ut»im-ww©»wi^»d»! 

t J: d fcHrlEf6fi#©Sr$M'1-«.|gl!jJlliS»Jffl)^ 
SiS^O^IlIRfcfcftSliC^JIlIifS^lEJSjSaSt. IB] 

[ if 5 ] B?iEj[PSt b 9 >xcoiS!(jsija^\ friB 40 
£*9J3iaa& t s*swaas«o+iBiffl«3RT» & max 4 

fEifficDffiB b 9 v^fl^BISgE. 

***8Wet b 5 9 y-^mmmmmk^m-h x o 
izmn-t&mn&4Xi± saaaoff* b 9 yxi^j^i 
sat. 

QA^BJt^sm^/^M^m^ (Ti > teivmxw 
t%%> mm/mm2M3 ( ti ) s 50 



ifS|ffl2 000-21 64 50 
2 

©fuiBm^/fSfe^ISS (Ti ) mMW^iJ$i^£ 

*ifc»i<?>*jiwsji ( i Cdi i ) &£x/mmM/nM 

(Ti) <023?fflS(c5fe5!|«*!S*x.fc«2<OlI«S 

S ( I Cd2 I ) „ 

* ( Si ' /a> I Cdi | ) tJitWIE^lcOtlift^fi 

( I Cdi I ) £M^Jg^§;ft^l&2Wi^ffc&ifc ( 1/ 

« I Cdi I <5-i ) t . 1uS2»:Mcoa}*gp{=ii?iJ^$ 
fifz%-itrmwms% ($2' /a> I Cd 2 I ) cfclt/mf 

iBS&2<Z)fMij®fi ( I Cd2 I ) KM#]g8BB£*UtSg4cD 

®triBm^/«ii^*gi5 (Ti ) t mmm/mmm. 

(m) . df-r^^ ( 1/s) aVM ( rm' ) , 
tt£9ttl9Kfr . (32) t s «^]|»» 

( 3 3 ) t , Wm^t (34) t » ffiUfflttfldHH)#K 
(35)fc, WA«a*tefi*» (36) fc36»fe*i«* 
^^SB (30) fcSl^AtU ;®iAAtoi*ii 

4 3rv* L 6 «v^-m*>fcBBtt«£E« b 9 

a. 

[0001] 

b -rt EM b 9 yxiBUd^au 1 r; i?)gBii*& ^ffl v ^ 
[00 02] 

St Lt»±. Mx{f!Nfl i Pm2 7 6 7 7 3 O^ftB&flK 1 ' 

# 9-237684 ^^>5r fKIBK § titz i> cotf 
h $> . hSIE^IS 2 7 6 7 7 3 0 ^«R^« 1 14, r 

9 s -y 9 b ?>**m\>^m&m<>mb)?&i ^m-t 
%?twmmztix^z>. zcoKmb^yxmrnrnm 

ff&t^i@^Srfi^3 t^-5 *>cOt-$>§„ 
[0003] -^T, ^^¥9 - 2 3 7 6 8 4^$gCIB 

b 9>--Xc7)ifcig^«m«$^«. t>cor«>l. . ,^TO 

xm^mmmtfy&foth t\ b 9 >-^«a* 

M&m&com (90°) fc=5r€, i -5 t0Jffll-r S Itti 

0, &mtk<vmxmmmizmimnb3>xcommfflm 

tffsnvx\t. ^mtmnm.crm.mzm^xwmmmm^ 
EMb^y^mtmmiLfr^-rh-tzbizx^x. ^ 
^mmzmai-^mEim»Lx^mwsm^-'^z 
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3 

■fh Z b iz £ K> . teB^^WLK£-£{;3BH-& i: v> 

•3 

[0 0 04] 

J: a t-timn _hiE#ff3g2 7 6 7 7 

3 0#JWB^PfifciBa<»WeBJW:, %MMWm*fflW'tZ> 

[0005] t3t#^¥9 - 2 3 7 6 8 4^miiZsSM 
fcil^ £-£T Jim b 5 ^«om^*Sr iS^& £ i: &s 

nxmmim*m±b^mmv-?mmitbmtmWi 
mmm.bii—m:L^^^^\ &->x. mmmm 

b 9 v^«0«^lftSW&iai*5 d b =5rv>i; ^ a 
[0006] *fg^liLhiatifcslWiijS&^t-Sfe46iO 

*. 

[0007] 

t, iasHMSt , znmm 

Mmtfrb%&mmm^zmmEm h 9 y 

wmm-fkt s ifigesM^ei^ fern* s^stw 

mmmmt L*zzb*mib-t&i>(?)T&&. 
[ 0 0 0 s ] iMfcts v , mmm h 7 >>wmmm 
m.m.tK Mm^mmkbELimmmstv&ffismmiz 

[0009] Tk&fflviz. em h 7 >x com^mmm 

[0010] J; 9 JlflsWfctA, WIBIEl&Jf ^a^Jffll^a 



(3) #12000-216450 

4 

[0011] *aasaw**s*i:-*-*BE* 

«ai?-srr s £ i: ^ . mmmmm^McfMmmm^ 

<ntt$m%>m*$ckb~t&ZbiJ t T'$&. 1fc-?X.M 
tlXEM h 7 yxcrffim^liZ-MtmizX D , Sfh7V 
.X«9T K s 9 vx&mcxat b % t« % £SUaHgft&tf 

»JBl!W*W^ffl«iaStii«-f 4 J: 5 tzKfclX is 

<zbi,z£<Q. ®i<zmimmx'mi)%m&t tz.b 

[0012] flh*b5 VX<OlHiillIK&KlT«0)I 

®A*«i:**llft/«MBHftat (Ti) fciVffiTJffli 
fc^4«K(/1|^ft«P <Ti ) , 
©BtTlB«m/-^«^a5 (Ti ) <»51»:fi!lteMJi|«8K$ 
iutJBlfSWK®* ( I Cdi I ) feit^WEflttS/WSl 

20 ( T! ) « 2 <XHt=M?fJ^S§ix/c^ 2 OMDjg 

a ( 1 Cd 2 1 ) . 

«3)friE 1 ^iaioA^spcfi^gMSfi.^^ 1 comrn^m 
& ( ?i - /« 1 Cdi 1 ) * itfiifiessi <7)MI6^* 

( I Cdi I ) teM5HSait3fLfcKS2<i^W*«* ( 1/ 

« I Cdi i ffo t, ««2»:fflj<otu*»fcii5!i«as 

^H3<7)ijim#:fi^ ( Si ' /oi I Cd2 I ) toit^'mr 
£j|$2<0Hlb$M ( I Cd2 I ) fcM*H8«3*ufc*4<?3 

( l/Cl) | Cd2 I <?2 ) . 

©liriamsi/iiM^gp (Ti ) bmmm/nm^k 

30 SI5 ( T 2 ) ttf0iaTii:^iftft^iX3t-< >-^^ 9 

(m) . df-v/^^ ( 1/s ) SV'fiift (rm- ) . fT 

fa^iims&Sr , ^n^s (32) b , ( 3 

3 ) k » IBIft^e ( 3 4 ) b . lgl)Jll*»J«^a ( 3 
5) b, £H»«a£»Hi*R (36) fc*»4.5r*«*SSj| 
SSH (3 0) taH»A*i.. itf5fi*>il*;*^SQI«St 

[0013] *mix°ii* Mttsmy-^ y^comie® 
mmmi, zcomM^mm^bLx. b%V7>^ 
40 tms. vxntz mm^®.* mmm ig»t 

[0 0 14] fU, i<^j;att-C#^ff*h9>-^ 
^tiB@822f . i OJIfl: h 7 yx ^ffl^A^^MS ( W 

& jSRJgW^IIIB&-C'«^-r S i i: « ^r«> . v- 3 ^. V 
- is g >-MW^*^ i: & "3 . J; o X HBOlSft*^ 

[0015] -t^-fc-^. ^jfe^jimb 5 >*<rmm®B& 

50 Sr«glk-r«.}BI^-e«i, E*b7>-^&ilJELT#^ 
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«4*hbs*u £K>mm&m^&nhjyx^mm8& 

[00 16] 

i-tikbjw-3> o hi a. as i comm h7y^t 
Ei2 ^ L04 {in i 

[0017] HHc^JEEmb^VX 1 i4. SBK^^ffi 
««f&^23&»Ja&9s *tfO«Mfc«A^«S3 a, 3 b 

2 OKffi«4 , X-flWm 3a, 3 b H«^AA«S 3 
a ' , 3b' j&^fflJBIStLTV^o A^mS3 a 3 a ' 
^S£*tl.fetfflSS2ai3j:-yfA**S3bi:3b' £BS 

a>t. A*«S3atas*«ffi3cr^*jHSB 
2 c^f^#Efrr»«4l2^x l 0 s A#««3 

bgph m^m@3 cTb1^m»2 d^ui«4J-s*inji±ia 

^X2^ftT*&. ffioT. AMS3a^:3a' tcR 
4^fcSB»2a*5i^AJjmS3bt3b' fcjRiti 
fcSSSSIB 2 b jME« h ^ 1 l MI'J ( A^« > fcffl 
if U m^Sffi3 c £^-CSHfflE2 c fc*|ffi»2 dj&* 

[00 1 S] tff!BA*mffi3 a, 3b£A#fflI3 
a', 3b' <0lHfc:f4* 3S£8BHW«^«E3WSSKS^-t 

S3a' , 3b' toratti. nmmRiwmmzti 

TV*£. ^**>t>. AMI3a' ,3b' 14*317— 

[0019] ■SJleflE«S»-?2i4. X*ft£FJTS<OfflPa 
3 ffi Fir 3 *i£ y 3 ;x A£ £^ £ 5: £ 

[ 0 0 2 0 ] tiflE3ESSi®ft<t^aBE i 
6EI#ffl^^*JK&flEma» : FO£«»2 afe J: 

[00 2 1 1H2I1 mite^Ltel±WBm?2coXft 



(4) WBH2O0O-2 1 64 50 

6 

JB^T^fflaflBS^^tt&JEEWHft? 2 or K 5 * 
yx | Y | (ms) (mm) fcfiffi^ (deg. ) (A 

* I Y I I Y i Diax^aaS ( BIT. 7K 

VXft^jgaiRfc^d ) . fl^f 2\tTF$?yx | Y 
I ^/NI ! Y | mincofljftft <J2TF\ 7KS^y^f 
^5 ) s fcJtWf-f 3(iffifi0<o«/jNffi0 

il^LTV^. H2fc^rf J:5t=. f lli94KHz, 
10 f2(4100KHz. f 3{i9 7ICHzggm;i: 

coo 22 ] H3(4i±mb^yx (mm$m=?) 

1 CO 1 iXfflSA*«EVinfcStr§ 2^fMffi^lSffiVout 
«J:l:T*-5^BEJ:tf (=Vout/Vin) (AEP) t . 1 
iRMA^jB^Pin ( = VinX I inXcos^ : (9i4Vini: 
I in^fSffi^) 2<kMAttij)njlP<Ait ( - Vo 

ut^/Rl) <?)JtrftSSjr*?7.( = Pout/Pin xl 0 

o) (mm ^^mmmmwsvmmL. zti&Tuy 

M!tfcOT»-&, H3^ti:^;, #J±Jttr-?M| 
t?J4 9 7KHzT^s(£77^9 7%gSt*^^i: 
[0 0 23] ttz, M2te<kXfm3%mt^hb, 

[0024] 1114(4, _hlBTK^^yXY (ms) com 

mm (^yy?$yxG (ms) > ^jsirss (^r^ 
7K ^ ^y^TL i^?FM§ix^. isnarfev-iT. 

tff 1, f 2 43J:^f 3i4. *<xm±5BOTK5^ 

>x i y i sAJfsit r Ks*^* i y i m'bmm 
m, & £v?t f 5 9 y^im^mcommmcoitm^ 

ti^^RLTV^ 0 3£>fc: H «^-f 7?3tVf f f4^ti^ 
40 fCV^ 0 *JtflFf-Al«4*jSt (G = 0, B = 0) tT 

mf 2t m%jmm. 2 t ^mmmm f r 

^ ( = tan~i (B/G) ) ^LTV^ 0 ^LT. & 

[0025] H4^*r4;^^. *jgia«af rt#E 
50 ttv-?mmm* ibwm-^&zb&fcfyi* § 
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7 

mmtf zitim^m (fr+fa) /2fceKU « 
«Mtf 3 tim-^ct& z t %mu?^ %> * 
[0026].:^ ft^aaBat^KsawisaR*?H 

-610 o^asfcifur, gmmmkbte. mm=¥-<o 

7^fco^TPItl>, B5f£3S2<£>JE«b^>'.Xl 
0fc*O9J5eS$£*r$m B6&^LI28ttl25tf)ffll5e 

[0 0 2 8] H5tc^TJ:3^. JiUh^XXl 
^liRfflS^ftDs EI^X2Sr^2^iJT'S)^. infill 

T'£>&S«1 2 aO|j«#«*ftteZ l^fiTCft 
*SBffl 12b ogS«*S*lpU4 X 2 & . * L 

T, 1 KfflBdKff 1 2 a<?DWWt=«±. A^ttl 3 a& 

1 3 a t AtiVm 13a' ^3SgSlEttjfi^E^^§ 
*VtV*£. ifcffi*«ttl3c«4. 2<Rfflte«»12b 
^r«-OTJ£flT:B D . ..I^tbijma 1 3 c A** 
il3a' i:«^MR2«§tL^^. 

[o o 2 9] Hst^^n&jimfia^ 1 214. x^jfr 

^2mteMRSfifcH^L4v^SS*Ste± lfe 
J;^Z2^f|nI^^^14a^^^iLT^ l 0. vvb»9>&2 

[0 030] M££8f®iMf -^BE J: 0 fiStftfrCS!* 

«H*«aaR<?>«flE*jaE«K»^ 1201 ac«s8» 1 

2sLl,zto£&b, mm%)Mlz£*)^ SSifrfa^SiV^K 

m***^*. *fLteJ:'orft$arrtit^ffi3^ft2»c 
ia<o#siwi 2t> ttf-u «ss9«te«t os^mflE^m 

[0031] me^-rrF^^yx^ffiMffitfiffl^ 
jgsasimaa-cti:, •wTF^yx 1 y i as 

aasf i^'66khz, r k 5 ^ >-^«/hja«» f 2^ 

7 0 K H zSJKt*» *3 . «/J^ffiJ3S68K f 3^'6 8KH 

[0032] hi 7 t^#mfcfca^jHtt»»ttia , c 
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i4. t»l$??^ AEfb&S|ffiJt£ £*LTU£ 0 0 

7*85^sfc. s&^tr-^jgaasf 77^6 8. okh 

[003 3] S/i. H8^-rj; -3^H20JEBh^y 
XI 0^iJTH5^yx;l^-TL2(i:. ±MM2iz^L 
10 fclSl^BEmh^yxif^iJiTKS^VX;^— 7L1H 
ib^hS ; 5r!6rK5^yx;^-7 0 L2^5:oTV^, * 
L/C. 0S^V^T^t D -^JS^ifcf 77 *4. ttffiMI^ 

mfrt Rimmwm fat ^i^wia (fr+f 

a ) / 2 fcrffiKf & £ 1 *5SiS-C S 5 o 
[0034] f3^ffitb 9>-xtcov^riKW 

Ek 01 O&v^LEIl 2iiH9eO»J^tci3(tS»ISB 

EL HI lii#J±i:ti:^*^MIiSifc#tt[a. Ell 214» 
20 7°2r*cf -5 . 

[0 03 5] H|9^^3^BE«h^>X 2 0{i. J± 

mmm^2 2&mm^z l^Mzmm^m^rtx^ 

*), 1«^X1 ^ftjcO^SSIS 2 2a ^JlTHlfc 
AMl2 3a, 2 3 a" ^\ 2 X2^ 
£rffiSP2 2 b ^JhTpOTfc:ffi:fi«ffi2 3b, 23 b' ^ 
Ztl^Qim %tlX\t*&. 1 tfCfflJtfO XtiWm 2 3a, 23 
a' H^SIglft^ilE^SS^ix. 2<»»oart« 
i23b, 2 3b' Ht3S^M^rR3*sffiiffiSilTV^ 

30 [0036] A*S8i2 3a, 23a' H^3E8EiHft^i 

2 2^fls^-*fc LTZlJrte^Z 2^MzWmt 

X(i:. ( l&flO) 22atffiMl23b (2^ 

«) t&mmttmjTmmt-X'fo&tztb, #j±itf ae 

[ 0 0 3 7 ] 01 0 fc^TT ^^X^fifflOMI^iC 
40 I i^LTfcO. I^fiffiJllttf 3^66 . 5KH 

z . r ^ s ^ yxjfc/cjaifta: f 1 #6 5 k h z . r y 5 

^ VJ^hJSiSiSt f 2#6 8KHz SffiT A ^ - 
[0038] H 1 1 ^^T#JEEibi:S9^JaiS3R 
fcD. a*e-^jaaftf 77(46 6. 5KHz,#JEi:b 

[0 03 9] ±IBHI1 O^dl Ztom3C0E 

50 mh^y^z^xh, %)^-?mw?mf vtwvm 
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mm&m. t3t «n 1 iwmx*% % . * lx . 
ia 1 2 izfjttmT h s ^ y^/^rL 3 *m. ss* t°— 

[0040]^Il^^l3Hh^Xl, 1 

0SV20 ^wt- & . BtwmnFcommm 
m&imfffim frt s&mmwm fat nmcomm 

^HtfO+ra (fr + fa)/2 tcR^SCl fc«t "9 , 

ft f r t R*«saa!t fat tfoia^*iafc:»^r& £ 

[0042] jaTfcrfcL ±a<59S5g*8*£Sfc LfcJE« 
HI 314. *«^fctJtt*Httb9y^fcfflvifc«»SE 

s®a*^^n a 1 3 j: a ^ 

£Eth7^^fflt^lM«l3 Oil EMh?> 

x (j±nmmT) 3 1 . *sk#»3 2 . 3 
3 , mmm&3 4 , mmmmmm^m jwtyj 

[0043]Elh7yX31{l ±MOHlXiii5 

s t < tern 9 ^ l fzsmmm^ 2 1 2 * t < {4 2 

^3 1aii, J^¥«3 4^ffl:fe»3 4bfc|^3;h 
TV**. 4fclBB¥a340tt5*«34c«i, Btttft& 
»J»#S3 5<0jUjffl3 5 afcjfiRSfiTfc'K *<Z) 
Efyj8IJ3 5 2<?)MmAJl®3 2 aKi 

StiTV^i. BSirH»»A!lff#gl3 5t£, fg»J^&3 4 

oaw? 8H34bs6^a}*s#LS Bi&fi#<?)iH» jsssa & 

0^ m£&PLL®&%Zfri?ffii&$tLX\ f *&. Lfc 
ifi^X. «H*S3 2co»BftHiBBct±. fftb7^3 
1 cor H s ^ v x«/jvfifcfaffltt3R f *? teRses tiT v > 

[0 0 44 3 E*h9VX3 1^2^ffliiO0i^^3 1 
^53 6f:AM^^OTI>oTUi\ 



(6) ^12000-216450 

1 0 

[0045] Bi*«8Bttffl*K3 6 Tli:, FJr^KW 
*P^Jt 9fcWv^fcJiBfS<?>«E 1 0 

[0046] tolBm*lBS*S3 3 2&®^g3 2 t 

S3 2<^K«r«# fcffl*«8lt»Ui^«3 6cOftj]t 
SfeU Mff^F^^M^SfeLTK»¥S3 4^ 

^j«sit»ffi#S3 e^tB^^Btr mssmm^co'f^ 

[0047] JjLbtfO i a*£E«b 

3 0 -Ct± . jEm b 5 >x 3 1 cogB»JSiftS»{±. S 

20 [oo48]ifc, m?¥R^3ei6^is3t»^w±. ^> 

3 6 *^LT«^j|liK^a3 3 tC^V^T PWMfflHWL. 

»4*/hffifflM89ftf 3^K^^fL!t«SG|fc:«fipS^«fc 
^6 . E« h ^ y -X 3 1 ^ SS»*«»fc«SF-r S^it 

[0049] HTTii:, ±|flE« h ^ >-^O^flrlUBt= 
30 KUTIMW^, 014^^cOjE«N^VX£Oiftfftc 

^ v ^tjk^ $ fix v * s m i a&mmvk *■ 

mi 6{#ii^i^i^ti)Eth7>x 

40 [0050] i^r± y) . jEWiBr^eaiiiiiasr^r^ 
imm^m^^mmz^xit. Etb^^gM 

[0051] Ei 1 4 ttz^mmmmik j kiz¥?i<xu, 

50 IS«#Ja3fel/6> I Cdi I tanWlA I Cd2 
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